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(54) Security tag 

(57) A security tag (1 0) used with an electronic arti- 
cle surveillance system for detecting the presence of 
the tag (10) within a surveilled area utilizing electromag- 
netic energy at a frequency within a predetermined 
detection frequency range includes a dielectric sub- 
strate having first (16) and second opposing principal 
surfaces, a peripheral outer edge (20), and a resonant 
circuit capable of resonating at a frequency within the 
predetermined detection frequency range. The security 
tag (10) also includes a guard member (36), in one 
embodiment a discontinuous conductive member, effec- 
tively electrically isolated from the resonant circuit, 
extending along at least a portion of the peripheral outer 
edge (20) of the substrate for surrounding at least a por- 
tion of the resonant circuit. The guard member (36) 
electrically isolates the resonant circuit to facilitate test- 
ing of the resonant circuit during an early stage of the 
manufacturing process when the resonant circuit is web 
form. 



Fig. 1 




01 

rn 
or 

Hi 
> 

i 

US 
r™ 

m 

O 
O 

"D 
-< 



o. 

LU 



Printed by Rank Xerox (UK) Business Services 
2.14.12/3.4 



BNSDOCID: <EP 0794520A1J_> 



1 



EP 0 794 520 A1 



2 



Description 

Held of the Invention 

The present invention relates to security tags for s 
use with electronic security systems for the detection of 
unauthorized removal of articles and, more particularly, 
to a resonant tag which is more efficient to produce. 

Background of the Invention 10 

Electronic article surveillance (EAS) security sys- 
tems for detecting and preventing unauthorized removal 
of articles or goods from retail establishments and/or 
other facilities, such as libraries, are well known and 
widely used. In general, such security systems employ 
a label or security tag which is affixed to, associated 
with, or otherwise secured to an article or item to be pro- 
tected or its packaging. Security tags may take on many 
different sizes, shapes, and forms, depending on the 
particular type of security system in use, the type and 
size of the article, etc. In general, such security systems 
detect the presence of a security tag as the security tag 
(attached to the protected article) passes through a 
security or surveillance zone or passes by or near a 
security checkpoint or surveillance station. 

Certain prior art security tags work primarily with 
radio frequency (RF) electromagnetic field disturbance 
sensing electronic security systems. Such electronic 
security systems generally establish an electromagnetic 
field in a controlled area through which articles must 
pass when being removed from the controlled premises. 
A tag having a resonant circuit is attached to each arti- 
cle, and the presence of the resonant circuit in the con- 
trolled area is sensed by a receiving portion of the 
system and an alarm is activated to denote the unau- 
thorized removal of an article. The resonant circuit can 
be deactivated, detuned, shielded, or removed by 
authorized personnel from an article authorized (i.e. 
purchased or checked out) to be removed from the 
premises, thereby permitting passage of the article 
through the controlled area without alarm activation. 

During the manufacturing process, the RF tag cir- 
cuits are generally processed in web form and, thereaf- 
ter, are die cut from the web to form end-to-end strips of 
individual tags. Fig. 6 shows a portion of a typical web 
100 during tag production having a plurality of individual 
tags 102. The illustrated portion of the web 100 has four 
rows of tags and four columns of tags. However, an 
actual production web 100 may have many more than 4 
columns of tags. The width of the web 100 may be 
approximately 8 inches and a finished tag 102 may be 
approximately 1 .5 inches by 1 .5 inches. In web form, the 
resonant circuits of the individual tags 102 are electri- 
cally connected to each other and accordingly, at this 
point in the manufacturing process, do not resonate at 
the detection frequency. Thus, the resonant frequency 
of an individual tag 102 may not be tested until after the 
tag circuit is actually die cut from the web 100 and sep- 



arated from the other tag circuits of the web 1 00 consid- 
erably later in the manufacturing process. 

It would be advantageous to be able to test the res- 
onant frequency of each of the tags 102 at an earlier 
stage in the manufacturing process and preferably well 
prior to the point at which the tags 102 are die cut from 
the web 100. The ability to measure the resonant fre- 
quency of the individual tags 100 at such an earlier 
stage of the process would provide immediate feedback 
relative to the effectiveness of each subsequent step in 
the manufacturing process. For example, one step in 
the process is to weld or connect together the conduc- 
tive traces on each side of the substrate of a tag 102. 
When this step is properly performed, the circuit reso- 
nates at a particular resonant frequency, preferably at or 
near the detection frequency of a system with which the 
tag will be used. If the circuit does not resonate after the 
weld is performed, this information can be used to 
adjust the welding process before a targe number of 
tags are processed with bad welds. Furthermore, cir- 
cuits which resonate outside of the desired frequency 
range can be rejected or more easily modified at an ear- 
lier point in the process, as opposed to at the end of the 
process, before additional time and materials are spent 
processing unacceptable tag circuits. 

There are several factors in the manufacturing proc- 
ess of current tags that impact the final frequency of the 
circuit, including the precision of the die cutting of the 
tags 102 from the web 100 which establishes, in part, 
the size of the inductor coil of the tag. It is preferable that 
the RF circuit resonates as close as possible to its pre- 
determined detection frequency (e.g., 8.2 MHz) to ena- 
ble the antenna of a detection system to discriminate 
the RF circuit from undesirable noise that may be gen- 
erated in the operating environment Thus, the ability to 
measure the resonant frequency of each tag circuit 
early in the manufacturing process and preferably while 
the tag circuits are still in web form provides immediate 
feedback that can allow on-line process adjustments to 
correct the resonant frequency of a circuit which is res- 
onating outside of the predetermined range or to allow 
for tighter tolerances such that circuits resonate much 
closer to the resonant frequency than if no such early, 
on-line adjustments were performed. Accordingly, it 
would be advantageous to be able to test the resonant 
frequency of individual tag circuits while the circuits are 
still in web form. 

The present invention provides a guard member 
which may be a non-conductive member or may be a 
discontinuous conductive member which extends along 
a portion and preferably all of the peripheral outer edge 
of the substrate of each tag and surrounds the resonant 
circuit. In this manner each tag is electrically separated 
or isolated from each other when the tags are in web 
form so that the frequency and other characteristics of 
each tag may be tested and adjustments made to the 
tag early on in the manufacturing process and through- 
out the process if desired. When the tags are die cut 
from the web, the die cut may be made through a por- 



20 



25 



30 



36 



40 



45 



50 



2 



y. <EP 0794620A1_L> 



3 



EP 0 794 520 A1 



4 



tion of the guard member as opposed to through a por- 
tion of the inductor coil as was done with the prior art. 
This permits greater tolerance with respect to the posi- 
tioning of the tags for die cutting and provides greater 
uniformity in the size of the inductor coil, lending to bet- 
ter resonant frequency stability. 

Summary of the Invention 

Briefly stated, the present invention comprises a 
security tag for use with an electronic security system 
having means for detecting the presence of a security 
tag within a surveilled area utilizing electromagnetic 
energy at a frequency within a predetermined detection 
frequency range. The security tag comprises a dielec- 
tric substrate having a first principal surface, a second, 
opposite principal surface, and a peripheral outer edge. 
At least one resonant circuit comprising a first conduc- 
tive pattern is disposed on the substrate first surface 
and a second conductive pattern is disposed on the 
substrate second surface. The resonant circuit is capa- 
ble of resonating at a frequency within the predeter- 
mined detection frequency range. A guard member, in a 
preferred embodiment a discontinuous conductive 
member, extends along at least a portion of the periph- 
eral outer edge of the substrate and surrounds at least 
a portion of the resonant circuit. The conductive mem- 
ber is effectively electrically isolated from the resonant 
circuit and electrically isolates the resonant circuit to 
facilitate testing of the resonant circuit during manufac- 
turing of the security tag when the resonant circuit in 
web form. 

Brfcf Pescription pf the Prewjngs 

The foregoing summary, as well as the following 
detailed description of preferred embodiments of the 
invention, will be better understood when read in con- 
junction with the appended drawings. For the purpose 
of illustrating the invention, there are shown in the draw- 
ings embodiments which are presently preferred, it 
being understood, however, that the invention is not lim- 
ited to the precise arrangement and instrumentalities 
disclosed. In the drawings: 

Fig. 1 is an enlarged plan view of a first side of a 
printed circuit security tag in accordance with a pre- 
ferred embodiment of the present invention; 
Fig. 2 is an enlarged plan view of one side of a prior 
art printed circuit security tag; 
Fig. 3 is an enlarged plan view of a second side of 
the printed circuit security tag of Fig. 1 ; 
Fig. 4 is an electrical schematic of a resonant circuit 
used in a preferred embodiment of a security tag of 
the present invention; 

Fig. 5 is an enlarged plan view of a first side of a 
printed circuit security tag in accordance with an 
alternate embodiment of the present invention; 
Fig. 6 is a plan view of one side of a prior art web of 



printed circuit security tags; and 
Fig. 7 is a plan view of one side of a web of printed 
circuit security tags in accordance with a preferred 
embodiment of the present invention. 

5 

Detailed Description of Preferred Embodiments 

Certain terminology is used in the following descrip- 
tion for convenience only and is not limiting. The words 

10 "top", "bottom", "lower" and "upper" designate directions 
in the drawings to which reference is made. The termi- 
nology includes the words above specifically men- 
tioned, derivatives thereof and words of similar import 
Referring now to the drawings, wherein the same 

is reference numeral designations are applied to corre- 
sponding elements throughout the several figures, there 
is shown in Figs. 1, 3 and 4 a security tag 10 in accord- 
ance with a preferred embodiment of the present inven- 
tion. With certain exceptions hereinafter described, the 

20 tag 10 is generally of a type which is well known in the 
art of electronic article security systems. As is also well 
known in the art, the tag 10 is adapted to be secured or 
otherwise borne by an article or item, or the packaging 
of such article for which security or surveillance is 

25 sought. The tag 10 may be secured to the article or its 
packaging at a retail or other such facility, or as is pres- 
ently preferred, secured or incorporated into the article 
or its packaging, by the manufacturer or wholesaler of 
the article. 

30 The tag 10 is employed in connection with an elec- 
tronic article security system (not shown), particularly 
an electronic article security system of the radio fre- 
quency or RF type. Such electronic article security sys- 
tems are well known in the art and, therefore, a 

3$ complete description of the structure and operation of 
such electronic article security systems is not neces- 
sary for an understanding of the present invention. Suf- 
fice it to say that such electronic article security systems 
establish a surveilled area or zone, generally proximate 

40 to an entrance or exit of a facility, such as a retail store. 
The security system's function is to detect the presence 
within the surveilled zone of an article having an active 
security tag secured thereto or secured to the corre- 
sponding packaging. 

45 Referring now to Fig. 4, an electrical schematic dia- 
gram of the security tag 10 is shown. In the case of the 
present embodiment, the security tag 10 includes com- 
ponents, hereinafter described in greater detail, which 
establish a resonant circuit 12 that resonates when 

so exposed to electromagnetic energy at or near a prede- 
termined detection resonant frequency. A typical elec- 
tronic article security system employing the tag 10 
includes means for transmitting into or through the sur- 
veillance zone electromagnetic energy at or near the 

55 resonant frequency of the security tag 1 0 and means for 
detecting a field disturbance that the presence of an 
active security tag resonating circuit causes to establish 
the presence of a security tag 10, and thus a protected 
article, within the surveillance zone. The resonant circuit 
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12 may comprise one or more inductive elements elec- 
trically connected to one or more capacitive elements. 
In a preferred embodiment, the resonant circuit 12 is 
formed by the combination of a single inductive ele- 
ment, inductor, or coil L electrically connected with a 
single capacitive element or capacitance C in a series 
loop. Such a resonant circuit is shown and described in 
detail in U.S. Patent No. 5.276,431, which is hereby 
incorporated by reference. The size of the inductor L 
and the value of the capacitor C are determined based 
upon the desired resonant frequency of the resonant 
circuit 12 and the need to maintain a low induced volt- 
age across the plates of the capacitor. In the presently 
preferred embodiment, the tag 10 preferably resonates 
at or near 8.2 Mhz, which is one commonly employed 
frequency used by electronic security systems from a 
number of manufacturers, although it will be apparent to 
those of ordinary skill in the art that the frequency of the 
EAS system may vary according to local conditions and 
regulations. Thus, this specific frequency is not to be 
considered a limitation of the present invention. 

Although the tag 10 includes a single inductive ele- 
ment L and a single capacitor element C, multiple induc- 
tor and capacitor elements could alteratively be 
employed. For instance; multiple element resonant cir- 
cuits are well known in the electronic security and sur- 
veillance art, such as described in U.S. Patent No. 
5,103.210 entitled "Activatable/Deactivatable Security 
Tag for Use with an Electronic Security System", which 
is incorporated herein by reference. The construction of 
such resonant circuits can be altered through the use of 
remote electronic devices. Such circuit alteration may 
occur, for example, at a manufacturing facility or at a 
checkout counter when a person purchases an article 
with an affixed or embedded security tag 10, depending 
upon the intended use of the tag 10. Deactivation of the 
tag, which typically occurs at the point of sale, prevents 
the resonant circuit from resonating within the detection 
frequency range so that the electronic security system 
no longer detects when the article passes through the 
surveillance zone of the electronic security system. 

Figs. 1 and 3 illustrate opposite sides or principal 
surfaces of a preferred physical embodiment of the 
security tag 10 which is schematically illustrated by Fig. 
4. In its preferred embodiment, the tag 10 comprises a 
generally square, planar insulative or dielectric sub- 
strate 14 which is preferably flexible. The substrate 14 
may be constructed of any solid material or composite 
structure of materials as long as the substrate is insula- 
tive and can be used as a dielectric. Preferably, the sub- 
strate 14 is formed of an insulated dielectric material, for 
example, a polymeric material such as polyethylene. 
However, it will be recognized by those skilled in the art 
that other dielectric materials may alternatively be 
employed in forming the substrate 14. 

The substrate 1 4 has a first side or principal surface 
16 (Fig. 1), a second side or principal surface 18 (Fig. 
3), and a peripheral outer edge 20. The circuit elements 
and components of the resonant circuit 12 are formed 



on both principal surfaces of the substrate 14 by pat- 
terning conductive material. A first conductive pattern 
22 is imposed on the first side or surface 16 of the sub- 
strate 1 4 (Fig. 1 ), which surface is arbitrarily selected as 

5 the top surface of the tag 10, and a second conductive 
pattern 24 is imposed on the opposite or second side or 
surface 18 of the substrate 14 (Fig. 3), sometimes 
referred to as the back or bottom surface. The conduc- 
tive patterns 22, 24 may be formed on the substrate sur- 

10 faces 16. 18, respectively, with electrically conductive 
materials of a known type and in a manner which is well 
known in the electronic article surveillance art. The con- 
ductive material is preferably patterned by a subtractive 
process (i.e. etching), whereby unwanted material is 

75 removed by chemical attack after desired material has 
been protected, typically with a printed on etch resistant 
ink. In the preferred embodiment the conductive mate- 
rial is aluminum. However, other conductive materials 
(e.g., gold, nickel, copper, phosphor bronzes, brasses, 

20 solders, high density graphite or silver-filled conductive 
epoxies) can be substituted for aluminum without 
changing the nature of the resonant circuit or its opera- 
tion. 

The tag 10 may be manufactured by processes 

25 described in U.S. Patent No. 3,913,219 entitled "Planar 
Circuit Fabrication Process", which is incorporated 
herein by reference. However other manufacturing proc- 
esses can be used, and nearly any method or process 
of manufacturing circuit boards could be used to make 

30 the tag 10. 

The first and second conductive patterns 22, 24 
establish at least one resonant circuit, such as the reso- 
nant circuit 12, having a resonant frequency within the 
predetermined detection frequency range of an elec- 

35 tronic article surveillance system used with the security 
tag 10. As previously discussed in regard to Fig. 4, the 
resonant circuit 12 is formed by the combination of a 
single inductive element inductor, or coil L electrically 
connected with a single capacitive element or capaci- 

40 tance C in a series loop. The inductive element L is 
formed by a coil portion 26 of the first conductive pattern 
22. The coil portion 26 is formed as a spiral coil of con- 
ductive material on the first principal surface 16 of the 
substrate 14. The capacitive element C is comprised of 

45 a first plate formed by a generally rectangular land por- 
tion 28 of the first conductive pattern 22 and a second 
plate formed by a corresponding, aligned generally rec- 
tangular land portion 30 of the second conductive pat- 
tern 24. As will be appreciated by those of skill in the art, 

so the first and second plates are generally in registry and 
are separated by the dielectric substrate 14. The first 
plate of the capacitor element C, conductive land por- 
tion 28, is electrically connected to one end of the induc- 
tor coil 26. Similarly, the second plate of the capacitor 

55 element C, conductive land portion 30, is electrically 
connected by a weld connection (not shown) extending 
through the substrate 14 proximate a land extension 32 
on the second side 18 to the other end of the inductor 
coil 26, thereby connecting the inductive element L to 
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the capacitor element C in series in a well known man- 
ner. 

As discussed briefly above, the security tag 10 may 
be deactivated by changing the resonant frequency of 
the tag 10 so that the tag resonates outside of the pre- 
determined detection frequency or by altering the reso- 
nant circuit 12 so that the circuit 12 no longer resonates 
at all. Some methods require determining the location of 
the security tag in the secured article and physical inter- 
vention, such as physically removing the security tag or 
covering the tag with a shielding or detuning device 
such as a metallized sticker. Other methods involve 
exposing the tag to high energy levels to cause the cre- 
ation of a short circuit within the tag, thereby altering its 
resonance characteristics. A short circuit may be cre- 
ated through the use of a weak area designed to reliably 
change in a predictable manner upon exposure to suffi- 
cient energy. 

In the presently preferred embodiment, the security 
tag 10 also includes means for deactivating the tag 10, 
such as a means for short-circuiting the plates of the 
capacitor C. In order to facilitate short-circuiting the 
capacitor C through the application of electromagnetic 
energy, one or more indentations or "dimples" 34 are 
placed on either one or both of the rectangular conduc- 
tive areas 28, 30. 

The tag 10 and its alternate embodiments as thus 
far described are typical of security tags which are well 
known in the electronic security and surveillance art and 
have been in general usage. In forming such security 
tags, the area of the coil 26 and the areas and overlap 
of the capacitor plates 28 P 30 are carefully selected so 
that the resonant circuit 1 2 formed thereby has a prede- 
termined resonant frequency which generally corre- 
sponds to or approximates a detection frequency 
employed in an electronic article security system for 
which the tag 10 is designed to be employed. 

Referring now to Fig. 2, one side of a prior art secu- 
rity tag 50 is shewn. The tag 50, like the tag 1 0 F includes 
a resonant circuit comprising an inductor in the form of 
a coil 52 and a capacitor located on opposite sides of a 
substrate. In the prior art, the inductor coil 52 typically 
extends to and around the peripheral outer edge of the 
substrate. However, as is readily evident, because the 
inductor coil 52 extends to and around the peripheral 
outer edge of the tag 50, when the tag 50 is die cut from 
the web 1 00, the positioning of the tag 1 00 must be very 
carefully controlled to provide a tag 100 having a coil 52 
of the correct size. Any misalignment of the tag 100 at 
the die cutting step could result in some deviation from 
the resonant frequency for which the tag 100 was 
designed. 

The present invention provides an electrically dis- 
continuous conductive member or guard rail 36 extend- 
ing along at least a portion of the peripheral outer edge 
20 of the substrate 14 and surrounding at least a portion 
of the resonant circuit 12. The guard rail 36 may be con- 
structed in the same manner, i.e. by etching, and of the 
same material as the inductor L Although it is presently 



preferred that the guard rail 36 be constructed of a con- 
ductive material, it will be understood by those of ordi- 
nary skill in the art that the guard rail 36 could be 
constructed of a nonconductive material (see Fig. 5) 

s which provides a non-conductive barrier between the 
outer edge 20 of the substrate 14 and the resonant cir- 
cuit 12 to isolate the resonant circuit 12 from other such 
circuits when in web form. 

U.S. Patent No. 5,182,544, assigned to Checkpoint 

10 Systems, Inc. of Thorofare, N.J., is directed to a particu- 
lar type of security tag with electrostatic discharge 
(ESD) protection. The security tag includes a generally 
continuous (i.e., surrounds the entire tag) conductive 
frame member on both sides of the tag which is electri- 

75 cally connected to the resonant circuit through a frangi- 
ble connection means. The frame member temporarily 
connects together the opposing plates of each of the 
capacitors of the tag circuit for maintaining all of the 
capacitor plates at the same electrical potential and 

20 thereby preventing a static charge from discharging 
through the capacitors during manufacture, shipment 
and storage of the tag. When the security tag is to be 
used, the connection between the capacitor plates is 
broken. The frame member continues to be in electrical 

25 contact with the capacitor plates located on the inductor 
side of the tag even after the frangible connection has 
been broken. 

As opposed to the aforementioned U.S. Patent No. 
5,182,544 which teaches providing a continuous con- 

30 ductive member around the outer edge of a security tag 
which connects together the plates of a capacitor, the 
conductive member 36 of the tag 10 of the present 
invention is not electrically connected to the resonant 
circuit 12 and does ofit electrically connect together the 

36 plates of the capacitor C. Rather, the conductive mem- 
ber 36 acts as a guard rail, surrounding the circuit 12. 
Accordingly, no beam or connection to the circuit need 
be broken prior to use of tag 10. 

Since the inductor coil 26 on the substrate first side 

40 1 6 is closer to the edge 20 of the tag 1 0 than the capac- 
itor plate 30 on the substrate second side 18, in the 
presently preferred embodiment, the conductive mem- 
ber 36 is located principally on the inductor side, i.e. the 
first side 16 of the substrate 14. However, it will be 

45 apparent to those of ordinary skill in the art that a con- 
ductive member 36a (see Fig. 3) may be disposed on 
the opposite side 18 of the substrate 14, or on both 
sides of the substrate 14. One or more gaps or discon- 
tinuities 38 (or 38a) are provided in the conductive 

so member 36 (or 36a) such that the conductive member 
36 is disposed around only a portion of the peripheral 
edge 20 of the substrate 14. Although the size of the 
discontinuity 38 may vary, the discontinuity should be 
large enough to provide for a clean discontinuity in the 

55 conductive member 36 (or 36a) after the etching proc- 
ess. In the presently preferred embodiment, the con- 
ductive member includes one discontinuity 38 which is 
approximately 0.02 inches wide, but it could be greater 
or less in some applications. The conductive member 
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36 is also spaced from the inductor coil 26 such that the 
conductive member 36 is electrically isolated from the 
resonant circuit 12, in the present embodiment prefera- 
bly at least 0.02 inches. However, even though the con- 
ductive member 36 is spaced from the inductor coil 26, 
it will be recognized by those of skill in the art that there 
may be some inductive coupling between the conduc- 
tive member 36 and the coil 26. 

Referring to Fig. 5, an alternate embodiment of a 
security tag 60, which is schematically illustrated by Fig. 
4, is shown. Similar to the tag 10, the tag 60 comprises 
a generally square, planar insulative or dielectric sub- 
strate 62 which is preferably flexible and constructed of 
the same materials as the substrate 14. The substrate 
62 has a first side or principal surface 64, a second side 
or principal surface (not shown), and a peripheral outer 
edge 20. The circuit elements and components of the 
tag 60 are the same as for the tag 1 0, and are formed on 
both principal surfaces of the substrate 62 by patterning 
conductive material. A first conductive pattern 22 is 
imposed on the first side or surface 64 of the substrate 
62, which surface is arbitrarily selected as the top sur- 
face of the tag 60, and a second conductive pattern (not 
shown) is imposed on the opposite or second side or 
surface of the substrate 62, which is preferably the 
same as the conductive pattern 24 shown in Fig. 3). The 
tag 60 is similar to the aforementioned tag 10 in all 
respects except that the tag 60 does not include a con- 
ductive member 36 surrounding the peripheral outer 
edge 20. Instead, the tag 60 includes a non-conductive 
guard member 36b which preferably comprises the 
same material as the substrate 62. Thus, the substrate 
62 of the tag 60 includes a non-conductive barrier 
between the outer edge 20 of the substrate 62 and the 
resonant circuit 12. 

As previously discussed, the security tags 10 of the 
present invention are processed in web form. Referring 
now to Fig. 7, a web 104 having a plurality of security 
tags 106 thereon is shown. Generally, a web 104 com- 
prises four rows of tags and a plurality of columns of 
tags (four columns are shown). In order to allow each of 
the individual circuits on the web 104 to be tested prior 
to die cutting or otherwise physically separating the tags 
106 from each other, the present invention electrically 
isolates each of the tags 106 from each other. That is, 
the conductive traces (the cross-hatched portions 
shown are conductive) of each of the individual circuits 
are electrically insulated from the other circuits in the 
web 104. In the present invention, the conductive mate- 
rial surrounding an outer trace 108 of each of the indi- 
vidual circuits is etched away. A remaining portion of 
conductive material 110 that surrounds the individual 
isolated circuits is made discontinuous by etching or 
forming a discontinuity 112 in the conductive material 
1 10 at each circuit in the web 104. Further, the conduc- 
tive traces 22 on the first side of the substrate 14 are 
electrically connected to the conductive traces 24 on the 
opposite side of the substrate 14. Electrically isolating 
the resonant circuits while the circuits are still in web 



form allows each individual circuit to be tested prior to 
die cutting the tags, thereby allowing significant advan- 
tages over prior art manufacturing methods. At the end 
of the circuit forming process, subject to the size of the 

5 die cut, a security tag 10 having a discontinuous con- 
ductive guard rail 36 (see Fig. 1) may be formed. 

Security tags 10 made in accordance with the 
present invention are preferably formed end to end in 
elongated strips. The first side 1 6 is typically coated with 

10 an adhesive for use in attaching the security tags 10 to 
articles or packaging, and a protective release sheet 
(not shown) is applied over the adhesive. (The tag 10 is 
peeled off of the release sheet when ready to be affixed 
to an article). A paper backing (now shown) is applied 

15 by an adhesive to the second side 1 8 of the tags 1 0. 

From the foregoing description, it can be seen that 
the present embodiment comprises a security tag for 
use with an electronic security system. It will be recog- 
nized by those skilled in the art that changes may be 

20 made to the above-described embodiment of the inven- 
tion without departing from the inventive concepts 
thereof. It is understood, therefore, that this invention is 
not limited to the particular embodiment disclosed, but 
is intended to cover any modifications which are within 

25 the scope and spirit of the invention as defined by the 
appended claims. 

Claims 

30 1. A security tag for use with an electronic security 
system having means for detecting the presence of 
a security tag (10) within a surveilled area utilizing 
electromagnetic energy at a frequency within a pre- 
determined detection frequency range, the security 

35 tag (10) comprising: 

a dielectric substrate (14) having a first princi- 
pal surface (16), a second, opposite principal 
surface (18), and a peripheral outer edge (20); 

40 at least one resonant circuit (12) comprising a 

first conductive pattern (22) disposed on the 
substrate first surface (16) and a second con- 
ductive pattern (24) disposed on the substrate 
second surface (18), the resonant circuit (12) 

45 capable of resonating at a frequency within the 

predetermined detection frequency range; and 
an electrically discontinuous conductive mem- 
ber (36) extending along at least a portion of 
the peripheral outer edge (20) of the substrate 

so (14) and surrounding at least a portion of the 

resonant circuit (12), the conductive member 
(36) being effectively electrically isolated from 
the resonant circuit (12) to facilitate testing of 
the resonant circuit (12) during manufacturing 

55 of the security tag (10) when the resonant cir- 

cuit (12) is in web form. 

2. The security tag as recited in claim 1 , characterized 
in that the first conductive pattern (22) comprises 
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an inductive element (26) and the conductive mem- 
ber (36) is disposed at least on the first surface (16) 
of the substrate (14). 

3. The security tag as recited in claim 2, characterized 
in that the conductive member (36, 36a) is disposed 
on both the first and second surfaces (16, 18) of the 
substrate (14). 

4. The security tag as recited in any of the claims 1 to 

3, characterized in that the conductive member (36, 
36a) includes at least one gap (38, 38a) for making 
the conductive member (36, 36a) discontinuous, 
wherein the at least one gap (38, 38a) is at least 
0,51 mm (0.02 inches) wide. 

5. The security tag as recited in any of the claims 1 to 

4, characterized in that the resonant circuit (12) 
comprises etched aluminum foil on each principal 
surface (16, 18) of the substrate (14). 

6. The security tag as recited in any of the claims 1 to 

5, characterized in that the conductive member (36, 
36a) comprises etched aluminum foil. 

7. The security tag as recited in any of the claims 1 to 

6, characterized in that the conductive member (36, 
36a) is spaced from the resonant circuit (12) by a 
predetermined distance sufficient for electrical iso- 
lation. 

8. The security tag as recited in claim 7, characterized 
in that the predetermined distance comprises at 
least 0,51 mm (0.02 inches). 

9. A security tag for use with an electronic security 
system having means for detecting the presence of 
a security tag (60) within a surveilled area utilizing 
electromagnetic energy at a frequency within a pre- 
determined detection frequency range, the security 
tag (60) comprising: 

a dielectric substrate (62) having a first side 
(64), a second, opposite side, and a peripheral 
outer edge (20); 

at least one resonant circuit (12) comprising a 
first conductive pattern (22) disposed on the 
substrate first side (64) and a second conduc- 
tive pattern (24) disposed on the substrate sec- 
ond side, the resonant circuit (12) capable of 
resonating at a frequency within the predeter- 
mined detection frequency range; and 
a guard member (38b) disposed along at least 
a portion of the peripheral edge of the sub- 
strate (62) and surrounding at least a portion of 
the resonant circuit (12) to electrically isolate 
the resonant circuit (12) and to facilitate testing 
of the resonant circuit (12) during manufacture 
of the security tag (60) when the resonant cir- 



cuit (12) is in web form. 

10. The security tag as recited in claim 9, characterized 
in that the first conductive pattern (22) comprises 

5 an inductive element (26) and the guard member 

(38b) substantially completely surrounds the induc- 
tive element (26). 

11. The security tag as recited in claim 9 or 10, charac- 
10 terized in that the guard member (36) comprises a 

conductive material. 

12. The security tag as recited in claim 11, character- 
ized in that the guard member (36) is discontinuous 

is and is effectively electrically isolated from the reso- 
nant circuit (12). 

13. The security tag as recited in claim 9 or 10, charac- 
terized in that the guard member (38b) and the sub- 

20 strate (62) are composed of the same materials. 

14. The security tag as recited in any of the claims 9 to 
12, characterized in that the guard member (36) is 
composed of the same material as the resonant cir- 

25 cuit(12). 

15. The security tag as recited in any of the claims 9 to 
14, characterized in that the guard member (36, 
38b) is disposed at least on the first side (64) of the 

30 substrate (62). 

16. The security tag as recited in claim 15, character- 
ized in that the guard member (36, 36a, 38b) is dis- 
posed on both the first side (64) and the second 

35 side of the substrate (62). 

17. The security tag as recited in claim 11, character- 
ized in that the guard member (36, 36a) includes at 
least one gap (38, 38a) such that the guard mem- 

40 ber (36, 36a) is electrically discontinuous. 

18. The security tag as recited in claim 17, character- 
ized in that the at least one gap (38. 38a) is at least 
0,51 mm (0.02 inches) wide. 

45 
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